ABSTRACT. An epidemiological study of Babesia canis in dogs in Nigeria was performed. Four hundred blood samples collected from dogs in Nigeria were investigated using nested PCR and sequence analysis. On nested PCR screening, nine samples (2.3%) produced a band corresponding to a 698-bp fragment indicative of B. canis infection. Sequence analysis of the PCR products identified eight samples (2.0%) as B. canis rossi and the ninth (0.3%) as B. canis vogeli. This is the first report of the prevalence of B. canis rossi and B. canis vogeli in dogs in Nigeria.
Babesia canis is a tick-transmitted hemoprotozoan parasite that induces anemia, fever, jaundice, hemoglobinuria, and sometimes fatal symptoms in dogs. B. canis is classified into three subspecies: B. canis rossi, B. canis vogeli, and B. canis canis [5, 10, 11] . The arthropod vectors of B. canis rossi, B. canis vogeli, and B. canis canis are Haemaphysalis leachi, Rhipicephalus sanguineus, and Dermacentor reticulatus, respectively [5, 10, 11] .
A diagnosis of canine babesiosis is made by the detection of parasites in a peripheral blood smear under a microscope or by serological tests such as an indirect fluorescent antibody test or enzyme-linked immunosorbent assay. Compared with these methods, molecular analysis using PCR has greater sensitivity and specificity in the detection of pathogens [1, 4, 8, 9, 11] . Thus, the PCR method makes it possible to diagnose babesiosis in the blood samples of dogs that show very low parasitemia, as in the early stages of infection, or in dogs with no symptoms. Moreover, it is possible to differentiate species or subspecies of pathogens by sequence analysis following PCR [2, [9] [10] [11] .
Throughout the African continent, epidemiological studies of canine babesiosis using molecular methods have been reported only in South Africa and the Sudan, and B. canis rossi and B. canis vogeli have been shown to be distributed in both countries [10, 11] . B. canis vogeli is thought to be distributed in large parts of the tropical and subtropical regions of all continents in which its vector ticks exist [12] . Therefore, it is anticipated that this parasite is distributed widely throughout the African continent. However, the prevalence of B. canis infections in dogs in other parts of Africa is unknown. To determine the incidence and identify subspecies of B. canis in dogs in Nigeria, located in the midwest of Africa, we performed an epidemiological study using PCR and sequence analysis.
Peripheral blood samples from 400 dogs were obtained randomly from many parts of Nigeria between October 2004 and August 2005 (Table 1) . Each 200 µl of blood was fixed on an FTA Card (Whatman, UK) and stored at room temperature in the dark. DNA was extracted from the blood samples on the FTA Cards using the Whatman FTA Card DNA Isolation Kit (Whatman).
Primers for the first PCR and nested PCR were designed based on a fragment of the gene that encodes B. canis 18S rDNA (GenBank accession nos. AY072925, AY072926, and L19079). The forward primer B18S-F (5'-TGGT-TGATCCTGCCAGTA-3') and the reverse primer B18S-R (5'-CTTCTCCTTCCTTTAAGTGA-3') were used in the first amplification reaction [7] . Primers B18S-1 (5'-GGGAGGTAGTGACAAGAAA-3') and B18S-2 (5'-TTC-CCCGTGTTGAGTCAAA-3') were used in the nested PCR.
The DNA extracted from the blood samples on the FTA Cards was added to a reaction mixture containing 10 pmol of each primer B18S-F and B18S-R, 5 U/µl AmpliTaq Gold water. The amplification conditions were as follows: 95°C for 10 min; 30 cycles of denaturation at 94°C for 30 s, primer annealing at 55°C for 2 min, and amplification at 72°C for 2 min; followed by a final extension at 72°C for 5 min. The nested PCR was performed using primers B18S-1 and B18S-2 under the same conditions as the first PCR. The PCR products were separated by electrophoresis on 1.5% TBE agarose gel and stained with ethidium bromide. The expected size of PCR product for B. canis 18S rDNA is a 698 bp fragment after nested PCR. The amplified DNA was purified with the QIAquick ® PCR Purification Kit (Qiagen, Germany), and the sequences were determined directly using the B18S-1 or B18S-2 primer with the ABI PRISM ® 310 Genetic Analyzer (Applied Biosystems). The sequences obtained were analyzed with Genetyx ® version 8 (Genetyx, Japan). In the first PCR reaction using the primers B18S-F and B18S-R, no positive bands have been detected in all samples. In the nested PCR using the primer set designed in this study, nine samples (2.3%) in 400 samples showed a band of 698 bp fragment which is expected size for B. canis 18S rDNA. The sequences of these nine PCR products were determined (B. canis rossi, AB303071-AB303075; B. canis vogeli, AB303076). Eight samples (2.0%) showed high sequence similarity to the 18S rRNA gene of the B. canis rossi isolate from dog 44 (DQ111760) from the Sudan at both the nucleotide (99.1%-99.8%) and predicted amino acid levels (98.7%-99.1%). Another sample (0.3%) was similar in its sequence to a B. canis vogeli 18S rRNA gene from Italy (AY072925) at both the nucleotide (99.6%) and predicted amino acid levels (98.7%). Moreover, this sequence also showed partial sequence homology to a B. canis vogeli 18S rRNA gene isolated in South Africa (AF547387) at both the nucleotide (99.6%) and predicted amino acid levels (98.7%), and to the sequence of a B. canis vogeli 18S rRNA gene from the Sudan (DQ111765) at both the nucleotide (99.6%) and predicted amino acid levels (98.9%).
In this study, eight of 400 dogs (2.0%) were positive for B. canis rossi and one dog (0.3%) was positive for B. canis vogeli. In contrast, the incidence of B. canis in dogs in South Africa and the Sudan were 14.8% and 9.0%, respectively [10, 11] . Thus, the infection rates of B. canis rossi and B. canis vogeli are lower in Nigeria than those in South Africa or the Sudan. B. canis rossi and B. canis vogeli are known to be transmitted by ticks, and the rates of tick infestations in dogs in South Africa and the Sudan are reported to be 72.2% and 78.2%, respectively [6, 11] . The arthropod vectors of Babesia spp., such as H. leachi and R. sanguineus, have been confirmed to occur widely in South Africa and the Sudan [6, 10, 11] In this study, young dogs under three years were positive for B. canis (Table 2) . Moreover, it is noteworthy that three samples from puppies under six months were also positive (Table 2 ; dogs 2, 8, and 398). Fukumoto et al. [3] have demonstrated transplacental infection of B. gibsoni in dogs. The B. canis infections of young dogs recorded in this study suggest that this parasite is also vertically transmitted from dogs to their puppies. However, there are few samples from old dogs, and more samples from dogs over four years should be examined.
In conclusion, the primers designed in this study are useful for the detection of B. canis. PCR with these primers and sequence analysis have demonstrated that B. canis rossi and B. canis vogeli exist in dogs in Nigeria. 
